INTRODUCTION
Cardiovascular disease is the leading cause of morbidity and mortality in the Western world. 1 Dietary habits and physical activity are important determinants of individual lifestyle, and have an acknowledged impact on cardiovascular and metabolic risk. 2, 3 Since the early 1960s the Mediterranean diet has been recognized as healthy, 4 and its association with reduced cardiovascular and mortality risk widely demonstrated. 5 However, it is not well known what the actual adherence to the Mediterranean-style diet of Western populations is, even in the Mediterranean basin, 6 and what the actual health benefits of this dietary pattern in the context of other known risk factors are. 7 In addition, the assessment of diet in nutritional epidemiology is a complex issue. The Mediterranean diet, as defined by the Seven Country Study, is characterized by a high intake of fruit, vegetables, bread and other cereals, olive oil, moderate intake of dairy products, fish and poultry and a low intake of red meat. 8 Many scores have been developed to describe the adherence to the Mediterranean diet on the basis of the actual intake of different foods that have been distinguished a priori as healthy foods, or not, according to the criteria of the Mediterranean diet. 9, 10 Next to this conventional approach, more recent methodologies include a posteriori approaches that apply cluster analysis (CA) for identifying dietary patterns. 11, 12 This procedure is based on the intercorrelations among food groups or nutrients, and is not biased because it does not require as a starting point any technical decision on which foods or nutrients are, or are not, healthy. Therefore, actual population dietary patterns can be identified, and their role as a risk factor for various conditions can be investigated.
When such conditions as cardiovascular diseases or diabetes are clinically established, patients usually receive information on the appropriate diet to follow, and this may act as a confounder when investigating the associations between diet and diseases. There is paucity of information about the relationships between actual dietary patterns, atherosclerosis and metabolic alterations, such as insulin resistance, in apparently healthy people, particularly before such conditions as cardiovascular diseases or diabetes become clinically evident. Regardless of whether it is asymptomatic, carotid atherosclerosis has important clinical implications. In fact, ultrasound-assessed plaques are independent predictors of cardiovascular events, 13 and carotid intima-media thickness (IMT) is a well-validated surrogate marker of future coronary events.
14 Indeed, various metabolic factors, including insulin resistance, are associated with both development of atherosclerosis 3 and cardiovascular risk. Therefore, we investigated whether different dietary patterns identified according to factor analysis are associated with asymptomatic carotid atherosclerosis (plaques and/or increased c-IMT) and markers of insulin resistance in a cohort of randomly selected adults without known diabetes and atherosclerotic cardiovascular disease.
MATERIALS AND METHODS
This observational, cross-sectional study was carried out in Palermo, the largest city in Sicily, Italy, with a population of 663 173. From 28 March to 10 April 2011, groups composed of physicians (n ¼ 5) and dietitians (n ¼ 13) alternated their presence inside the Forum, a shopping mall in Palermo, from 0900 until 2100 hours, and investigated those customers who asked to participate in the investigations proposed on posters placed inside the mall.
The Forum is the largest shopping mall in Palermo, and customers come from all parts of the city, suburbs and neighboring areas. Data provided by the Forum's administration indicated that the characteristics of their habitual customers were heterogeneous in terms of gender (females 65%, males 35%), age (10-54 years 50%, 455 years 50%), place of residence (Palermo 62%, outside of Palermo 38%), education (college graduates ¼ 14%, high school graduates ¼ 37%, middle school ¼ 32%, primary school ¼ 17%) and employment status (housewife ¼ 40%,
Inclusion criteria were participants aged X18 years, and with residence in Palermo. There was no incentive provided to the participants.
To encourage the participation of younger people without known cardiovascular, metabolic or nutritional diseases, an echographic check of the thyroid was also proposed.
Participants were asked to come to the Laboratory of Clinical Nutrition of the Biomedical Department of Internal and Specialized Medicine at the University of Palermo in the following weeks, up until 15 July 2011, to undergo blood sampling for assessment of blood chemistry and hormone values. A blood sample was frozen and stored at À 80 1C, and a sample was treated and stored for subsequent measurements.
The institutional Ethics Committee approved the study protocol. Each participant signed an approved informed consent form.
Participants were administered a questionnaire on demographic characteristics, the presence of chronic diseases and pharmacologic treatment, physical activity, including items concerning the level of physical activity and its weekly frequency, and daily time watching television, on the computer and playing video games. Physical activity was classified as follows: none ¼ no significant active physical activity; light ¼ short walks; moderate ¼ sports activity 1-3 times a week; heavy ¼ sports activity or heavy work activities 43 times a week). Half-quantitative habitual intakes of different foods during the past 12 months were assessed with the Food Frequency Questionnaire (FFQ). 15 Specifically, participants were asked by trained dietitians about their consumption of 36 different food items, and were also asked to indicate their usual rate of consumption, choosing from nine frequency categories, ranging from 'never' or 'o once a week' to '7 times per week.' The food items were categorized as red meat, white meat, fish, cured meat, eggs, fried food, milk, dairy products, cheese, legumes, bread, pasta/rice, fruit, vegetables, olive oil, seed oil, butter, margarine, sweets, soft drinks, coffee and alcohol. For coffee, alcoholic and soft drinks, the amount in terms of cups per glasses was also specified. Requested data referred to the last year. Type 2 diabetes was defined according to the most recent consensus statements. 16 
Measurements
Height and body weight were measured with participants lightly dressed and without shoes (SECA); the body mass index (BMI) was calculated as body weight (kg)/height 2 (m 2 ). Body circumferences were obtained as measures of body fat distribution at the umbilicus (waist circumference) and at the most prominent buttock level (hip circumference).
Systolic and diastolic arterial blood pressure (two measurements obtained at a 5-min interval in seated position) and heart rate were measured by physicians or dietitians according to standardized procedures (Omron M6; Omron Healthcare Co., Matsusaka, Mie, Japan); pulse pressure was calculated as the difference between systolic and diastolic blood pressure.
Carotid IMT
Images of the right and left extracranial carotid artery walls were obtained in several projections by using a high-resolution ultrasonographic 10-MHz linear array probe (Sonoline G50; Siemens, Munich, Germany). The enddiastolic IMT of the far wall of both common carotid arteries was measured as described elsewhere; 17 the highest value was considered for calculations. Previously unknown asymptomatic carotid atherosclerosis was diagnosed in the presence of IMT X0.9 mm and/or plaques. Two physicians were responsible for carrying out the carotid ultrasonographic examination. The intraobserver coefficients of variations were 1.2% and 1.1%, respectively. The interobserver coefficient of variation was 2.9%.
Laboratory analysis
Capillary blood glucose concentrations were randomly assessed using a glucose reflectometer (Glucocard G meter; Menarini Diagnostics, Florence, Italy). Fasting plasma glucose, total cholesterol, high-density lipoproteins (HDL) cholesterol, triglycerides (Tg), uric acid and creatinine concentrations were ascertained using standard clinical chemistry methods (Glucosio HK UV; Colesterolo tot. Mod P/D; Colesterolo HDL gen. 3 mod P/917; Trigliceridi; Acido urico MOD P/917; Creatinina enzimatica; Roche Diagnostics, Monza, Italy). Basal insulin concentrations (Elecsys insulina; Roche Diagnostics) and glycated hemoglobin (HbA 1 c; HbA 1 c gen. 3; Roche Diagnostics) were also measured. Low-density lipoprotein cholesterol concentration was calculated with Friedewald's formula. 18 The Tg/HDL cholesterol ratio was also calculated.
The glomerular filtration rate was calculated according to the Modification of Diet in Renal Disease study (MDRD) 19 and Cockcroft-Gault 20 equations. The HOMA-IR was calculated as described by Matthews et al.
21

Statistical analysis
Dietary patterns were derived by combining principal factor analysis (PFA) and CA. 22, 23 First, PFA establishes a minimum set of latent variables from a combination of the original variables (that is, each specific food group); subsequently, starting with the latent variables obtained from PFA, CA establishes a minimum set of heterogeneous groups of participants in terms of dietary patterns. This represents a sound modeling approach for dietary patterns that are not necessarily independent of each other. 24 PFA with promax rotation was used. The number of factors to retain was determined by using a diagram of eigenvalues (scree plot) and proportion of variance, as explained above. Using CA, the observations were divided into clusters such that every observation belonged to one and only one cluster. Participants were grouped into three different classes according to dietary clusters. Data are reported as age-adjusted means for continuous variables, and age-adjusted percentages for categorical ones. Participants' characteristics according to dietary clusters were compared using generalized analysis of covariance, which allowed adjusting for age and appropriately testing for continuous, binary or multinomial variables. Backward multiple regression analyses were carried out to evaluate factors associated with HOMA-IR and Tg/HDL cholesterol. For both HOMA-IR and Tg/HDL cholesterol, the following baseline covariates were tested: age (in years), gender (male vs female), smoking status (never, former and current smoker), dietary cluster, physical activity level (none, light and moderate/ heavy), use of statins (yes vs no), hypertension on treatment (yes vs no), pulse pressure (mm Hg), BMI, HbA 1 c and waist circumference. Results of the backward multiple regression analyses were expressed as b-coefficients with their standard error and P-value. Multivariate logistic regression analysis was carried out to evaluate factors associated with asymptomatic carotid atherosclerosis (plaques and/or increased carotid IMT), with the following baseline covariates tested: gender (male vs female), smoking status (never, former and current smoker), dietary cluster, Habitual diet, insulin-resistance and carotid atherosclerosis S Buscemi et al physical activity level (none, light and moderate/heavy), use of statins (yes vs no), hypertension on treatment (yes vs no) and pulse pressure ( Hg). A twotailed P-value of o0.05 was considered significant. All statistical analyses were carried out using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
A total of 1231 participants (465 males and 766 females) agreed to participate. Two hundred and seventy participants were excluded because of the presence of diabetes (type 1 or 2), clinically known atherosclerotic diseases (coronary heart disease, previous stroke, carotid or peripheral atherosclerosis) or chronic renal failure. Of the remaining 961 participants, 32 were excluded because of incomplete anthropometric or carotid measurements. Finally, a total of 929 participants were evaluated. Complete laboratory blood measurements were obtained in 507 participants. Factor analysis led to the identification of two relevant factors in terms of explained variance and scree plot (Figure 1a) . Table 1 shows the correlations between each food item and the two selected factors. Two factors summarized all food items. As shown in Figure 1b , based on CA, three dietary patterns could be identified from the two factors derived from PFA. According to the Mediterranean diet criteria, the pattern that was characterized by high consumption of soft drinks, fried foods, seed oils, cured meats, butter, red meat and sweets was defined as unhealthy. Contrary to the unhealthy pattern, another dietary pattern resembled the Mediterranean diet, and was characterized by high intakes of fruit, milk and cheese, olive oil, vegetables, pasta and bread. The third pattern included intermediate habits, which were between the unhealthy and the Mediterranean patterns. On the basis of dietary patterns, the 929 participants were divided into three groups: the Mediterranean (n ¼ 318, 34.2%), the Intermediate (n ¼ 418, 45.0%) and the Unhealthy (n ¼ 193, 20.8%) diet group. Demographic, anthropometric and clinical characteristics of the three groups of participants are reported in Table 2 . Age was significantly higher (Po0.0001) in the Mediterranean diet group (53±13 years) than in the Intermediate (48±14) and the Unhealthy (44±15) diet groups, so the characteristics were adjusted for age. A higher education level and physical activity level were observed in the Mediterranean diet group (Table 2) . HOMA-IR, Tg/HDL cholesterol and insulin concentrations significantly increased from the Mediterranean to the Unhealthy group diet (Table 2) .
Backward multiple regression analyses results are reported in Table 3 . In particular, HOMA-IR values were significantly lower in patients following a Mediterranean diet pattern and an Intermediate diet pattern, and significantly higher in those treated with antihypertensive drugs. HOMA-IR also increased with BMI, waist circumference and HbA 1 c levels. The Tg/HDL-c ratio was significantly higher in the unhealthy diet pattern and in men, and increased with BMI and HbA 1 c levels.
Finally, multivariate analysis indicated that previously unknown clinically silent carotid atherosclerosis (Table 4) was not associated with dietary patterns, and that it was significantly associated with age, hypertension on pharmacologic treatment and pulse pressure.
DISCUSSION
In this study, the adherence to a diet pattern similar to that of the Mediterranean was associated with lower values of markers of insulin resistance and of atherogenic potential, such as insulin concentrations, HOMA-IR and Tg/HDL cholesterol. These results confirm those of recent investigations that found, in different populations and geographic areas, that Mediterranean diet scores are inversely associated with insulin resistance. 25, 26 The unhealthy dietary pattern was a significant predictor of the Tg/HDL cholesterol ratio, which has been shown to be a good surrogate estimate of insulin resistance. 27, 28 Furthermore, a high Tg/HDL cholesterol ratio is indicative of larger populations of small, dense proatherogenic low-density lipoproteins particles, 29 and has also been proposed as an atherogenic index of plasma 30 that may be predictive of myocardial infarction. 31, 32 Interestingly, adherence to the Mediterranean diet pattern showed favorable metabolic effects that were independent of measures of adiposity (BMI) and fat distribution (waist circumference), thus suggesting that these effects were not mediated by body size and/or metabolic aspects connected with fat topography, but, rather, were a direct consequence of diet per se. These results are in agreement with other studies that have shown how healthy lifestyle changes produced favorable metabolic and cardiovascular effects despite producing only a limited weight loss. 17, 33 Insulin resistance, high plasma concentrations of Tgs and low levels of HDL cholesterol, with consequent high values of the Tg/HDL cholesterol ratio, are characteristics of the metabolic syndrome. 34 However, contrary to the results of a large metaanalysis, 35 we found no effect of the Mediterranean diet cluster that was protective against the metabolic syndrome (data not shown). These results are consistent with our previous observations that found that people with metabolic syndrome have a daily intake of nutrients that is similar to that of people without metabolic syndrome. 36 It is likely that larger cohorts will be needed to undertake such analysis. Yet, we cannot exclude the possibility that more complex interactions than those of diet alone are present when insulin resistance becomes part of the metabolic syndrome.
Despite the significant associations between habitual dietary pattern and metabolic factors, we found no significant protective effect of the Mediterranean diet pattern against clinically silent carotid atherosclerosis-defined as increased carotid IMT and/or presence of carotid plaques. We confirm that other wellestablished factors, such as age and hypertension, have a prominent role in predicting clinically silent atherosclerosis, even in people with no known cardiovascular disease or diabetes, such as those in our study. However, the role of the Mediterranean diet in primary cardiovascular prevention has not been definitively established, and, apart from a few meta-analyses and observational cohort studies, 5 evidence of its beneficial effects remains limited to secondary prevention, as demonstrated in the Lyon Diet Heart Study. 37 Estruch et al. 38 recently demonstrated that adherence to the Mediterranean diet was efficacious in cardiovascular prevention in high-risk participants who were initially free of cardiovascular diseases. Nevertheless, it should be noted that the prevalence of hypertension in the cohort of the Estruch et al. trial was about 80%, and that of type 2 diabetes about 50%, with type 2 diabetes often considered a coronary disease equivalent. 39, 40 Thus, the efficacy of the Mediterranean diet in primary cardiovascular prevention has yet to be fully established. In addition, limited effects of diet in non-diabetic individuals free of cardiovascular diseases have been reported. [41] [42] [43] Lifestyle is defined as a complex of behaviors that includes not only dietary habits but also habitual physical activity. Interestingly, our study found that habitual physical activity progressively decreased from the Mediterranean to the unhealthy diet pattern, suggesting that a sedentary lifestyle and unhealthy dietary habits often coexist. Although it is difficult to discriminate the influence on health of habitual physical activity from that of diet, we did not observe any significant independent effect of physical activity on the outcomes considered in our study. Furthermore, our study found that adherence to a Mediterranean dietary pattern was associated with both a higher level of education and age, thus confirming what was recently reported in Italian cohorts, 44, 45 as well as confirming the importance of biosocial influences on dietary habits.
This study has several limitations. The sample size is relatively small, and only about 55% of the cohort had complete laboratory measurements, perhaps blunting the statistical power of the observed associations. Given the cross-sectional design of the study, we cannot exclude the possibility of residual confounding. However, this is a single-center study, the enrollment of participants occurred within a short time, in the same season, highly reproducible carotid measurements were obtained and very few dietitians administered questionnaires with a face-to-face procedure, all features that may have increased the quality of the data. As we did not enroll a representative cohort of the Palermo population, some bias might be associated with the sampling technique. However, the composition of the cohort we recruited was similar to that reported for the shopping mall customers. In addition, having also offered the possibility of a thyroid echography check likely prompted younger people without known cardiovascular, metabolic or nutritional clinical problems to take part in the study. We could also be criticized for the arbitrary use of the classification as a Mediterranean pattern. In fact, in this cluster, foods such as dairy products and cheese were included despite the fact that they are not usually considered part of the Mediterranean diet. However, the Mediterranean pattern as it emerges in our study has the merit of reflecting a real Mediterranean population. Also, there are examples of diets inspired by the Mediterranean diet, such as the DASH diet, that include milk and cheese, and that have been found to have favorable health effects. 46 In conclusion, this study suggests that a lifestyle defined mostly in terms of Mediterranean dietary patterns may have favorable metabolic effects associated with a better cardiovascular risk profile, even in apparently healthy people. Our results are therefore in agreement with the hypothesis that healthier lifestyle changes can counteract the epidemic of diabetes and cardiovascular disease, although adequate interventional trials will be needed in low-risk populations to verify this. The following baseline covariates were tested: age (years), gender (male vs female), smoking status (never, former and current smoker), dietary cluster, physical activity level (none, light and moderate/heavy), use of statins (yes vs no), hypertension on treatment (yes vs no), pulse pressure (mm Hg), BMI, HbA 1 c and waist circumference. The following baseline covariates were tested: gender (male vs female), smoking status (never, former and current smoker), dietary cluster, physical activity level (none, light and moderate/ heavy), use of statins (yes vs no), hypertension on treatment (yes vs no) and pulse pressure (mm Hg).
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